European eel Anguilla anguilla recruitment into the rivers of the northeastern Atlantic has declined substantially since the 1980s. Monitoring of recruiting juveniles, or glass eels, is usually undertaken in small estuaries and rivers. Sampling of large-scale estuaries is rare, due to the size of the sampling area and the resources needed to provide adequate sampling levels. Here we describe surveys for glass eels in the UK's largest estuarine system, the Severn Estuary/Bristol Channel. We sampled across a 20 km-wide stretch of the estuary in 2012 and 2013, using a smallmeshed net deployed from a commercial fishing trawler, and the surveys yielded over 2500 glass eels. Eels were more abundant in the surface layer (0-1.4 m depth) than at depth (down to 8.4 m depth), were more abundant close to the south shore than along the north shore or middle of the estuary, and were more abundant in lower salinity water. Numbers were higher in the second year than in the first and eels were more abundant in February than April. The difficulties and logistics of sampling in such a large estuary are discussed, along with the level of resources required to provide robust estimates of glass eel abundance.
Introduction
The European eel (Anguilla anguilla) is a catadromous species with a single panmictic stock widely distributed in marine, coastal and freshwaters of Europe and beyond (Pujolar et al., 2014) and occurring from the Atlantic coast of north Africa, through Europe, the Baltic Sea and the Mediterranean (OSPAR, 2010) . A significant decrease in juvenile recruitment was observed between 1979 , to $5% of 1960 -1979 levels (ICES, 2014a . Nationally, the species was listed as a UK Biodiversity Action Plan Priority species in 1997 (and succeeded by the UK Post-2010 Biodiversity Framework in July 2012), and internationally, ICES (International Council for the Exploration of the Sea) has assessed the international stock as outside safe biological limits since the early 2000s (ICES, 2016a) . It was listed as critically endangered in the IUCN Red List in (ICES, 2014a Jacoby and Gollock, 2014) , and included on the OSPAR list of threatened and/or declining species (OSPAR, 2010) . In 2007, the European Council established an Eel Regulation (No 1100 /2007 , aimed at stock recovery, requiring that EU Member States (MS) with natural eel habitats established Eel Management Plans (EMP) at the River Basin District (RBD) level with the objective of these EMPs being "to reduce anthropogenic mortalities so as to permit with high probability the escapement to the sea of at least 40% of the silver eel biomass relative to the best estimate of escapement that would have existed if no anthropogenic influences had impacted the stock" (European Council, 2007) .
In the absence of a robust stock recruitment relationship, the ICES' annual stock advice is based on the trend of indices of glass eel recruitment time series gathered from 26 estuaries across Europe (ICES, 2016b ; excluding yellow eel time series). A Generalized Linear Model is used to predict mean annual recruitment index across all the series (split into North Sea region vs Elsewhere) compared with that of the reference period 1960 -1979 (ICES, 2015 . Additional time series indices have been recommended (ICES, 2014b) , as some have ceased because of catch-limiting quotas, reduction of funding, or lack of eels. In addition, the EU Multi-Annual Plan (EU MAP: EC 2016/1251) for the Data Collection Framework (DCF) requires MS collect annual information on recruitment to each eel management unit (European Council, 2016) , and as there are 80þ eel management units, many more recruitment indices are required to meet this DCF obligation. Understanding and quantifying glass eel recruitment across a wider range of river basins would increase the representativeness of time series used in the stock assessment, and improve the assessment and management of the stock.
The annual glass eel catch from the Severn Estuary commercial dip net fishery is one of only two UK recruitment indices contributing to the ICES stock assessment: the other is the partial trapping of recruits entering the River Bann in Northern Ireland (ICES, 2015) . This is not a direct measure of recruitment, but an index reflecting annual change, and can be influenced by changes in fishing effort and effectiveness. The stock assessment procedure used in England's EMPs Harrison et al., 2014) does not require information on recruitment per se; the method was developed in the absence of such knowledge for each EMP. However, estimates of numbers of eel entering the modelled river would facilitate projections of future eel status, an obligation of the EC Regulation (1100 /2007 European Council, 2007) , and to predict the effects of management scenarios.
Information on the numbers of glass eels entering larger estuaries would allow estimation of the size of the juvenile influx into a given RBD, in comparison to numbers reaching the rivers; can provide information on eel abundance before they are subject to upstream fishing pressure, and allow for better evaluation of the exploitation rates. Within Europe, most surveys to enumerate recruitment have taken place in rivers or small estuaries, where the dispersion of the eels is limited by the distance between the banks, and the eels can be sampled relatively easily (e.g. by dip nets or as they pass through ladders; Adam et al., 2008; Briand et al., 2005; Bru et al., 2009; Zompola et al., 2008) . A robust survey to evaluate the influx of glass eels into a large estuary is complex and requires substantial resources; consequently, few such surveys have been undertaken (Adam et al., 2008; Harrison et al., 2014) . However, glass eels are routinely sampled around the intakes of the Ringhals nuclear power station in Sweden, using a modified Isaacs-Kidd trawl (Bryhn et al., 2014) , and a similar gear is used in the Skagerrak-Kattegatt during the ICES International Young Fish Survey 2 (IYFS2), although numbers of eels caught in this survey are very low (ICES, 2016b) . Sampling using pibalour nets takes place regularly in the brackish waters of the Gironde basin in France (Dekker, 2002; ICES, 2016b) .
It is important to understand the physical nature of the surveyed environment, as the physical structure, hydrodynamics, physico-chemistry and climate may all influence the movement and distribution of eels through the system (Adam et al., 2008) . This creates a significant challenge; information on numbers entering and moving through the system is required to understand recruitment dynamics, yet it is hard to obtain because the complexities of environmental variability create logistic difficulties when trying to measure biological parameters over such scales.
The Severn Estuary/Bristol Channel in southwestern UK supports the majority of UK commercial glass eel fishing. It is also the site of a major new infrastructure development-the Hinkley Point C (HPC) nuclear power station and a significant body of knowledge has been gathered to support this. The aims of this study were: (i) To deploy a gear used in marine surveys to sample glass eels in the Severn Estuary/Bristol Channel,
(ii) To evaluate the influence of chosen variables (fishing site, sampling depth, and time of day) on eel abundance to guide the development of (a) a sampling strategy that would allow the collection of data on glass eel recruitment required for local fisheries management and international stock assessment, and (b) would allow assessment of the local impacts of cooling water abstraction by HPC on glass eels.
We describe differences in glass eel abundance between 2 sampling years and 2 sampling seasons, and, in the context of the chosen environmental variables. We discuss the difficulties and logistics of carrying out sampling in such a large estuary and the level of resources required to provide robust estimates of glass eel recruitment.
Material and methods

Survey area
The Severn Estuary/Bristol Channel (Figure 1 ) constitutes the largest estuarine system in the UK, covering an area of 4800 km 2 (Henderson et al., 2012) . At the point where sampling took place, the estuary is $20 km wide, with a mean spring tidal range of 10-11 m. At mean spring tides, the maximum tidal current speeds are $2.5 m/s on the northern side of the estuary and $2.0 m/s on the southern side. These tidal currents result in water that is fully mixed for temperature and salinity. Salinity is $30 & in the mouth of the Bristol Channel, and decreases up the Severn estuary as a result of 26 freshwater inputs along the north and south coasts. Salinity in the upper estuary may be as low as 20% in winter. Turbidity in the Channel is the result of sediment resuspension by tidal currents and waves and surface suspended particulate matter values range from <10 mg/l in the outer Channel to $50 mg/l in the inner channel (Uncles, 1984) . The area is adjacent to two important European eel catchments: the Severn RBD and the Southwest RBD (Defra, 2010a, b) . A significant part of the total English and Welsh glass eel catch is taken in these RBDs (ICES, 2014b) . For this study, sampling was carried out east of longitude 3 15 0 W (Figure 1 ), which is to the west of the Severn RBD catchment.
Survey gear
In the UK, glass eels are caught commercially in rivers, using hand-held dip nets (ICES, 2014b) , when eels are in the water column. Glass eels are not caught commercially in the open waters of the Severn Estuary/Bristol Channel and thus there is no local fishing gear on which to base a fishery-independent survey. Hand-held dip nets would be impractical in the estuary, where sampling must be boat-based using a net that can filter large water volumes. During sampling in the North Sea, Creutzberg (1961) used a 1 m 2 ring net with a 2 mm mesh, and surveys in French estuaries have used round or square-framed nets of 1-2 mm mesh (Briand et al., 2003 (Briand et al., , 2005 Bru et al., 2009 ). For our work, a 1.4 m 2 Isaacs-Kidd midwater frame trawl was chosen (Methot, 1986) , as this type of gear is used in the SkagerrakKattegatt IYFS2 survey (ICES, 2016b) . The net used here has a square mouth to maximize the volume of water filtered and a depressor attached to the bottom of the frame holds the frame vertical in the water. The frame was fitted with a 2 mm knotless mesh net. This was deemed the largest gear that could be safely deployed from a vessel of the size necessary for sampling the estuary.
Brackets on the top of the frame allowed the accommodation of a conductivity temperature depth (CTD) unit (to collect information on water temperature and salinity), and a transponder beacon. The CTD unit recorded data every 10 s and, for each sample, mean temperature and salinity were calculated. The transponder beacon communicated with an acoustic unit aboard the vessel to determine the depth of the frame below the water surface. Sampling depth was controlled by increasing or decreasing the length of the warp. A flowmeter attached across the mouth of the net determined the volume of water filtered. All survey work was conducted from a small (13.43 m) inshore commercial fishing vessel, the FV Cerulean.
Survey design
Three surveys were undertaken (Table 1 ). The first (February 2012) was scheduled for the start of the glass eel recruitment period for the area (Defra, 2010b) . The dates and design of the second (February 2013) were chosen to match the first as closely as possible, although two fewer days were available. Due to logistical constraints, only 7 days were available for the third survey (April 2013). This survey was designed to replicate the sampling patterns of the first week of the February 2013 survey, allowing for seasonal comparisons.
Sampling sites were chosen to be representative of the habitats and depth in the area, as well as locations of relevance to the HPC site. Sites were located as close to shore as was safe to sample, and across the estuary.
Four sites were sampled off the Welsh coast ( Figure 2 ). Sites 1-3 were in shallow water close to shore; Site 4 was situated offshore and deeper. Five sites were sampled off the English coast. Site 5 was close to the mouth of the River Parrett which is one of the main glass eel fishing locations in the area; Sites 6 and 7 were parallel to the coast, and $3 km offshore, and Sites 8 and 9 were parallel to the coast but 500 m offshore. Sampling was also conducted across the estuary at several locations along a transect, (Site 10), to determine whether glass eels migrate across the width of the estuary or are more consistently found near the coast.
At Sites 1-9 one site was sampled each day, and tows were conducted at one of three depths-the surface (0 m), at 4 m and at 7 m, (i.e. the top of the frame was at this depth and the gear sampled to 1.4 m below this, giving effective sampling depths of 0-1.4, 4-5.4, and 7-8.4 m). Time of day (given as daylight, dusk, or dark), was recorded for each deployment. Sampling was not conducted deeper than 7 m (bottom of gear at 8.4 m), because this would have risked the gear snagging on the seabed at the shallower sites. Each tow lasted for 15 min.
For Site 10, nine locations spaced along the transect were sampled. To complete sampling in a single flood tide, one tow was made at each location, using a "V" sampling profile. The net was fished for 2.5 min at the surface, 2.5 min at 4 m, 5 min at 7 m, 2.5 min at 4 m, and 2.5 min at the surface, totalling 15 min. This provided a depth-integrated sample of the top 8.4 m of the water Challenges to quantifying glass eel abundance column for each transect location. North-south and south-north transects were completed on separate days. A summary of the water depth and mean temperature and salinity at each site and for each survey is given in Table 2 .
The vessel was positioned into the current and speed was kept as slow as possible while retaining control ($1 knot), to allow the water to flow through the net. Once the net was retrieved, the end-bag was removed and emptied. Glass eels were counted and measured to the nearest mm total length. The flowmeter reading was recorded prior to deployment and following retrieval of the gear, and the number of revolutions was calculated. All sampling was conducted on the flood tide.
Data analysis
For each tow, the number of flowmeter revolutions was converted to the volume of water filtered (m 3 ). The number of eels caught was converted to abundance (number of fish per m 3 water). Figure 2. Position of the sampling sites (1-10) within the Severn Estuary/Bristol Channel.
Differences in eel abundance were investigated for each survey separately for the variables of fishing site, fishing depth and time of day, as well as for temperature and salinity. For site, depth and time of day, levels within each variable were determined prior to sampling (e.g. Site 1, Site 2, or 0 m, 4 m depth), and all samples relating to a given level were grouped. For temperature and salinity, the levels were not determined beforehand, but the samples were placed into two levels (termed "Lower" and "Higher"), following the surveys, based on the environmental conditions. For salinity the two levels were 25.5 and > 25.5%. For temperature, the boundaries between the two levels were different for the three surveys, to ensure that approximately half the samples fell into each level and were were 6.7, 5.5, and 5.0 C for February 2012 , 2013 , and April 2013 First, the differences in eel abundance within each variable were assessed using a simple ranking. All samples within each level were used to calculate mean eel abundance for that level and the levels were ranked, with the highest given a ranking of 1. This ranking allowed comparison between surveys, i.e. if a fishing site was ranked 1 in all surveys, then it displayed a consistently high relative abundance through time.
Next, non-parametric randomization tests (Manly, 1998) were used to assess the statistical differences between levels within variables (e.g. the difference between Sites and 2). The difference between the mean abundance of the two comparators was calculated. Under the null hypothesis that there is no difference between the means, the labelling of individuals as belonging to Group 1 or 2 is not important. Thus, to create the null distribution of the difference in means, the labelling was randomly ordered and the mean difference calculated. This was repeated 10 000 times to create the null distribution of the difference in means. The number of the absolute values of these null differences that were greater than the absolute value of the observed difference was noted (denoted N_greater). Following Manly (1998) , the p-value was calculated as (N_greater þ 1)/10 000.
To determine whether overall eel abundance was significantly different between years, mean abundances were calculated using the samples collected during the February 2012 survey and those collected during February 2013, and the randomization test was performed. To determine whether overall abundance differed seasonally, mean abundances were calculated using the samples collected during the first 7 days of the February 2013 survey and all samples collected during April 2013, and the randomization test performed.
Sample size
To illustrate how the data collected can aid future survey design, we considered the EU requirement for statistically sound sampling designs (European Commission, 2016) where targets may be specified by levels of precision.
The number of tows (n) required for mean abundance from a survey to have the specified precision was n ¼ t nÀ1;1Àa=2 s h 2 under the assumption that the observations come from a normal distribution (Millard and Neerchal, 2001, equation 8.2) . Here, h is the half-width of a 100*(1Àa)% CI for the mean, s is the estimated SD and t (n-1,1-a/2) is the appropriate quantile of the t-distribution with n-1 degrees of freedom. a was set to 5% and values of h were set at 40, 25, and 5%, to reflect EU guidance on sampling precision (European Commission, 2010) . s was set to the percentage relative standard deviation (rsd, which equals 100 * SD/mean) of the tows so that it was on the same scale as h. As n is on both sides of the equation it was solved iteratively, to a tolerance of < 0.0001. Finally, n was rounded up to a whole number of tows. Calculations were made separately for each combination of survey and depth. The data for Sites 1-9 (which represents a spatial survey) were separated from Site 10, which in addition to being representative of a spatial survey could also be used to assess the glass eel flux past a transect line. (Table 3) . During the first 7 days of February 2013, 63 tows were undertaken, resulting in 664 eels. The number of tows conducted and number and mean abundances of eels caught by site, depth, time of day and temperature or salinity level are also given in Table 3 .
Comparisons between 2012 and 2013
The overall mean abundance was three times greater in February 2013 (mean ¼ 17.0 Â 10 À4 m
À3
) than February 2012 and this difference was statistically significant (mean ¼ 57.4 Â 10 À4 m
; non-parametric randomization test, p < 0.001) ( Table 4) . ; non-parametric randomization test, p < 0.001; Table 4 ) and this difference was statistically significant.
Comparisons between February and April
Comparisons between fishing sites
Glass eels were present at all sampling sites and the highest abundances were at Sites 8 and 9 (situated closest to the southern shore). Site 8 was ranked first or second for all surveys on mean abundance, while Site 9 was ranked second or third (Table 3 ; Figure 3 ). Sites 6 and 7 (sited further offshore), were generally ranked in the middle for all surveys, and Site 3 (on the northern shore) was ranked consistently low. The remaining sites (Sites 1 and 2) were inconsistent throughout.
Statistically, differences in mean abundances between sites were inconsistent between surveys. For example, comparison of sites against Site 9 (one of the consistently higher abundance sites), showed that in February 2012, mean abundance at Site 9 was significantly higher than at Site 3 (p ¼ 0.007), Site 4 (p ¼ 0.008), Site 6 (p ¼ 0.007) and Site 10 (N/S transect p ¼ 0.01; p ¼ 0.002), but was not different to Site 1 (p ¼ 0.17), Site 2 (p ¼ 0.67), Site 5 (p ¼ 0.07), Site 7 (p ¼ 0.1) or Site 8 (p ¼ 0.24) (nonparametric randomization tests; Table 4 ). However, in February 2013, mean abundance at Site 9 was only significantly higher than Site 3 (p ¼ 0.03) and Site 10 (N/S transect p ¼ 0.006; S/N transect p ¼ 0.046; the lowest ranked sites), and was significantly lower than that of Site 1 (p ¼ 0.054). In April 2013, Site 9 was not significantly different to any of the other sites (Table 4) , probably because of the few eels caught.
Site 10, the transect, had consistently low eel abundance. The transect was completed seven times during the surveys and mean abundance at each transect location was highly variable (Figure 4 ).
Comparisons between sampling depths
By rank, the highest mean eel abundances were seen in the depth band 0-1.4 m (i.e. abundance at 0 m depth ranked one in all Table 3 . Number of tows, number (n) and mean abundance (number 10 À4 m À3 water filtered) of eels caught, and factor level rankings (Rank), by factor and survey. (Table 4) .
Comparisons of salinity and water temperature
The effect of salinity and temperature on eel abundance was inconsistent throughout. In all surveys, samples taken from lower There are 55 possible between-site comparisons, so only a selection is shown. Site 9 is a nearshore station on the southern shore. (Table 4) .
Sample size
There was large variation in abundance between tows for all surveys, at all depths for the spatial survey (Sites 1-9-rsd ¼ 60-117%) and the transect (Site 10-rsd ¼ 65-109%) (Table 5 ). For the sample size assumptions made, this meant that 560-2124 tows would be required to provide a 95% CI of 65% (DCF level 3 for the survey mean); 25 to 88 tows would be required for a 95% CI of 6 25% and 12 to 36 tows for a 95% CI of 640%.
Discussion
Our surveys represent the first attempts to sample a large-scale estuary for glass eels in the United Kingdom. Our approach combined elements of both transect and spatially distributed survey designs. Sampling a transect provides an estimate of the influx of eels passing through a zone, which can provide a time series of recruitment, but little information once eels pass the transect. A spatial survey can yield estimates of both abundance and distribution, but eels are likely to be highly dispersed in large estuaries (Dutil et al., 2009) . Our survey area was substantially larger than those of the Vilaine (Briand et al., 2003) , the Minho (Adam et al., 2008) , the Adour (Bru et al., 2009) , and the Guadalquivir (Arribas et al., 2012) , all of which were <1 km wide at the sampling point. The Severn Estuary is the centre of the commercial glass eel fishery in the United Kingdom, which in 2014 yielded 11.8 t with a first sale value of $£3 million (Environment Agency, 2015) . Consequently, the results provide insights into the methodologies and sampling strategies that might be required for long-term studies in such a challenging environment.
Spatial and temporal distribution of glass eel
In our study, differences in spatial distribution of eels were observed both along the transect and between the point survey locations. Eels were more abundant on the southern side of the estuary, in areas with a shallower water column depth, and in the surface tows compared with those at 7 m depth. Adam et al. (2008) recommended that sampling coverage must be representative of the variables that affect eel abundance. Glass eels arrive from the sea over weeks and months (Gascuel et al., 1995; Defra, 2010b; Arribas et al., 2012) following environmental cues that include light intensity and turbidity (Bureau Du Colombier et al., 2007; Adam et al., 2008) , the lunar cycle and tidal amplitude (Laffaille et al., 2007) , river flow and odour (Creutzberg, 1961; McCleave and Jellyman, 2002; Arribas et al., 2012) , and water temperature (Gascuel et al., 1995; White and Knights, 1997) .
Glass eels were significantly more abundant in our surveys in 2013 than 2012 (p < 0.001). The commercial fishery in this area also reported higher catch in 2013 (5.91 vs. 2.77 t) that we would take to indicate greater abundance of eel because the catch per unit effort was also higher (0.65 vs. 0.29 kg per licence day) (ICES, 2016b) . Our results correlate also with the wider regional comparisons, as the ICES index for this region (Elsewhere) showed 2013 at 8.9% vs. 2012 at 6.1% of the 1960 -1979 mean (ICES, 2016a . A correlation cannot be tested with only 2 year's data, but our results at least start to suggest open water surveys could form a fishery-independent alternative to the existing, fishery-dependent, recruitment time series. Changes in annual abundance have been observed in many estuaries and attributed to large scale oceanic conditions, such as the effect of the North Atlantic Oscillation (Dekker, 1998; Durif et al., 2011; Arribas et al., 2012) , but investigations are hindered by the lack of a stock recruitment relationship, and measure or index of spawning stock abundance.
We observed higher abundances in February than April in 2013 (p < 0.001). Other authors have reported that the abundance of eels in estuaries is highly variable from day to day (Bru et al., 2009) and throughout the season (Gascuel, 1986; Laffaille et al., 2007; Zompola et al., 2008; Arribas et al., 2012) , and can also be weakly correlated with the lunar phase (Sullivan et al., 2009) . There are no fisheries targeting glass eel in the open waters of the Severn Estuary, so seasonal changes in abundance in the surveyed area should reflect fluctuations in amounts of glass eel arriving from the sea and natural mortality, and the onset of behavioural changes triggered by increasing spring water temperatures (Gascuel, 1986) whereby the eels change to a benthic orientation and either "settle" in the estuarine zone or actively swim into freshwaters (Gascuel et al., 1995) . Mean water temperatures in April 2013 were consistently lower than at the same sites in February 2013 however so seeming to conflict with the hypothesis that in April glass eel had commenced their in-river migrations. Comparison with seasonal trends in the riverine commercial fishery catch per unit effort would help explore this topic (e.g. Gascuel, 1986) but such data are not presently available.
Abundance was significantly higher during daylight than darkness (p < 0.001, Table 2 ), but not between daylight and dusk (though this may reflect the distribution of sampling effort; daylight ¼ 47% of samples, dusk ¼ 43%, dark ¼ 9%). This contrasts the fact that eel fisheries in the Adour estuary operate during the night (Bru et al., 2009 ), which we would take to mean greater abundance and availability at night, and Deelder (1958) suggests that eels are more active at night. Several authors have reported that glass eels are distributed close to the sea bed during conditions of low turbidity, but disperse in the water column during high turbidity conditions (de Casamajor et al., 1999; 
Improving on our survey design
Our study design was limited by resource and little prior knowledge of the behaviour and distribution of the target fish. Inevitably therefore the design could be improved. Large variation in glass eel abundance between tows is common. For example, data in Bru et al. (2009, Table A2) for sample abundances over a single day, stratified by transect location, had rsd from 33 to 50%. Between-tow variation in our surveys was higher (rsd of 60 to 117%) as it also included small-scale spatial and temporal variation (samples from different sites and days). Therefore, producing final estimates from a survey with a high level of precision, e.g. a 95% CI of 6 5%, will be highly challenging but a 95% CI of 625% may be achievable.
Replicate sampling and evaluation of changes in eel abundance over a single tide in such a large estuary would almost certainly require at least two vessels fishing simultaneously, to maximize sampling opportunities and to reduce the time spent traversing between sites. Depth-stratified transect sampling would double the sampling effort needed for each tide, possibly by having two vessels sampling side by side but at different sampling depths. Further, sampling would initially be required outside the accepted recruitment season (which is based on commercial fishery catches), to confirm that migration is not on-going.
The sampling of all sites once took 9 days. If one assumes that the glass eel recruitment period in the survey area is between February and May, then to sample the area once each month The final three columns show the sample sizes required (n) to estimate the survey mean abundance at different levels of precision (h), based on the observed rsd.
would require a single vessel to sample every 3 days throughout the period. Despite the success with using the gear employed in our study, sampling was not possible at the estuary margins because of the draught of the survey vessel. Given that the highest abundances were observed in the sites closest to the shore, if this is a general phenomenon in similar estuaries, it would be wise to sample the intervening area and future studies could trial other gears, such as very small trawls fished from shallow draft boats, or fyke nets anchored to the estuary bed. Although fyke nets are typically considered as a passive gear only providing catch per unit effort, it should be possible to derive estimates of catch per unit volume filtered in a similar manner to that used here for pelagic trawls, i.e. the volume of water filtered by a fyke net estimated as the area of fyke mouth * flow rate of water * fished time, providing that the net was only operated during one tidal direction. In practice however, fixing a fyke net in the tidal flow of such a dynamic estuary as the Severn may provide difficult and prone to blockage from debris.
Concluding remarks
Implementing data collection programmes of glass eel abundance in such challenging environments as large and dynamic estuaries is a major investment in resource. It is essential that surveys are designed and implemented to be both efficient and effective. The knowledge we present in this paper on the distribution and releative abundance of glass eel in the open waters of the large and hydrodynamically challenging Severn Estuary is an essential step forwards in guiding the practicality, efficiency of resource investment and design of statistically sound data collection for studies of eel recruitment, and therefore in support of conservation of eel and sustainable exploitation of the species and its environment.
